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doi:10.1016/j.jtcvs.2006.10.006bjective: Although it is known that pediatric cardiac surgery holds risks for later
evelopment, few studies investigated the long-term development in children with
etralogy of Fallot. The purpose of this study was to define their intellectual
apacities, neuropsychological profile, and behavioral functioning 6 to 12 years
ostoperatively.
ethods: Patients (n  18; age, 8 years, 3 months  1 year, 6 months) were
xamined with a short-form intelligence scale (Wechsler Intelligence Scale for
hildren, 3rd edition, Dutch version) and a neuropsychological assessment battery
NEPSY). Their parents completed a behavioral questionnaire. The patient group
as compared with an acyanotic congenital heart disease group and a healthy
ontrol group.
esults: No significant differences between the patient group and the acyanotic
roup emerged. Compared with the healthy control group, children with tetralogy of
allot showed significantly lower scores on the estimated Full Scale IQ (P  .05)
nd on the NEPSY domains Language (P  .01) and Sensorimotor Functioning
P  .01). Also, the subtests Tower (P  .05), Memory for Names (P  .05),
arrative Memory (P .05), and Design Copy (P .05) elicited group differences.
arental reports revealed significantly higher scores on attention problems (P .05)
nd the total problem scale (P  .05), as well as significantly lower school
erformances than those of healthy peers (P  .01).
onclusions: In children with tetralogy of Fallot, we identified a lower estimated
ull-scale intelligence than in healthy peers and a neuropsychological profile char-
cterized by primarily mild motor deficits and difficulties with language tasks.
arents of the children with tetralogy of Fallot indicated attention problems and
ated the child’s school competencies to be lower than in healthy control subjects.
etralogy of Fallot (TOF) is one of the most common forms of cyanotic
congenital heart disease (CHD).1 A cyanotic defect results in abnormal blo
flow through the lungs preventing full oxygenation of the blood and causes
ymptoms, such as cyanosis, breathlessness, and fatigue, and growth retarda2
oday, these children are operated on at an early age to normalize their cardiopul-
onary status as soon as possible. Many studies have sought to define differences
n functional outcome between cyanotic and acyanotic forms of CHD. In an
cyanotic type of CHD, the circulation to the lungs is normal, and there is full
xygenation of the systemic blood. Generally, it is postulated that because of the
ifference in severity of symptoms, cyanotic forms of CHD result in lower func-
ional outcome than acyanotic forms of CHD.3 However, this is not always su
orted by clinical evidence.4,5
Only a few studies have engaged in defining the functional outcome in isolated
iagnostic groups. Research on children with transposition of the great arteries
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DTGA) or TOF, 2 cyanotic forms of CHD, revealed signif-
cantly lower scores on academic skills, such as reading,
pelling, and arithmetic, compared with those in an acya-
otic group.1 Differences between both cyanotic grou
TGA and TOF) could not be found.4 Studies on children
ith TOF showed normal intellectual functioning5,6 but
arked motor dysfunctions and a higher incidence of lan-
uage deficits.6 Neuropsychological assessment on adu
atients with TOF revealed impairment in executive func-
ioning. These patients also reported lower academic levels,
espite having spent more time in school.7
Studies on behavior in isolated groups of children with
OF are rare. Moreover, results on behavioral functioning
n children with various CHDs are inconsistent. Although
ome studies report the presence of significantly higher
ehavioral problem scores in children with CHD,8,9 other
tudies conclude that no behavioral problems are present,
nd sometimes the parents even indicate fewer symptoms
han parents of healthy children.1,10
Obviously, the division between cyanotic and acyanotic
orms of CHD elicits conflicting results. As a consequence,
esearch on separate diagnostic groups might result in the
pecification of functional outcome according to diagnosis.
n addition, although cognitive dysfunctions at adult age
nd school problems have been mentioned, the neuropsy-
hological profile of children with TOF remains unknown.
The purpose of this study was to define the intellectual
apacities, neuropsychological profile, and behavioral func-
ioning of full-time school-attending children with TOF 6 to
2 years postoperatively to identify shortcomings or relative
ifficulties that can lead to tailored interventional programs.
e compared the TOF children with an acyanotic group
nd with a healthy control group.
atients and Methods
atient Characteristics and Medical Data
atients with various CHDs operated on at Ghent University
ospital between 1995 and 1999 with a birth weight of greater
han 2000 g, without perinatal problems, and without noncardiac
alformations or genetic abnormalities (Down syndrome, velocar-
iofacial syndrome, and Di George syndrome) were contacted and
Abbreviations and Acronyms
CBCL  Child Behavior Checklist
CHD  congenital heart disease
NEPSY developmental neuropsychological
assessment
SD  standard deviation
TGA  transposition of the great arteries
TOF  tetralogy of Fallot
VSD  ventricular septal defectnvited to participate in the study. From this total group, we T
50 The Journal of Thoracic and Cardiovascular Surgery ● Febrelected the children with TOF (n  29) and matched them with a
roup of children with an acyanotic CHD. All children with TOF
nd acyanotic children showing characteristic features of genetic
bnormalities at birth had a genetic screening (fluorescence in situ
ybridization). After exclusion of children with genetic abnormal-
ties (8 children in the TOF group and no children in the acyanotic
HD group), we contacted 21 patients with TOF. One child could
ot be included because of a severe hearing disorder, and 2 other
arents thought participation would be too time consuming. We
ncluded 18 patients with TOF (10 boys; age, 8 years, 3 months 
year, 6 months) who underwent a cardiac procedure. The TOF
roup was compared with a group of children with acyanotic
HDs (ventricular septal defect [VSD], atrial septal defect, aortic
tenosis or pulmonic stenosis) and with a healthy control group. In
ddition to age and sex, the groups were matched on the educa-
ional level of both parents and on the educational level of the
hild. Local school boards providing normal full-time education
ere contacted with specific demands to find a child matching the
OF child on sex, age, and educational level of the mother and
ather. All eligible children were tested at school. The local ethical
ommittee approved the study, and all parents provided written
nformed consent. Procedures were in accordance with the recom-
endations found in the Helsinki Declaration of 1975.11 Medical
nd surgical data were collected from the patients’ files.
ntellectual and Neuropsychological Assessment
fter parental agreement to participate, the child was invited for an
ntellectual and neuropsychological assessment of half a day.
The child was tested with a short form of the Wechsler Intel-
igence Scale for Children, 3rd edition, Dutch version. The short
orm included the subtests Information, Vocabulary, Picture Com-
letion, and Block Design.12 A deviation IQ was calculated 
sing the procedure suggested by Sattler.13 On the subtest level, 
ean performance of 10 (standard deviation [SD], 3) is expected.
ean estimated full-scale IQ is 100 (SD, 15).
The neuropsychological battery consisted of all core subtests
f the NEPSY (a developmental neuropsychological assessment).
he NEPSY tests the child’s neuropsychological development in 5
unctional domains to detect subtle deficiencies within and across
hese functional domains, which can interfere with learning in
reschool- and school-aged children.14 The 5 domains are Atte-
ion and Executive Functioning, Memory, Language, Visuospatial
kills, and Sensorimotor Functioning. A mean performance on the
omains is 100 (SD, 15).
ehavioral Assessment
uring the assessment of the child, the parents completed a be-
avioral questionnaire. The Child Behavior Checklist (CBCL)
eports on the presence of behavioral, social, and emotional prob-
ems in 4- to 18-year old children, as reported by their parents. The
BCL contains both competence scales and problem behavior
cales. In the competence scales 27 items ascertain the child’s
ctivities, social involvement, and school performance. A Com-
osite scale summarizes the total competence of the child. A
score of less than 37 reflects maladjusted behavior. In the behav-
or problem scales 113 questions have to be rated by the parents on
3-point Likert scale to indicate the frequency of the behavior.
he items cluster into 7 subscales: Withdrawn Behavior, Physical
uary 2007
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Domplaints, Anxious/Depressed Behavior, Social Problems, Thought
roblems, Attention Problems, Delinquent Behavior, and Aggres-
ive Behavior. The first 3 scales are grouped into a first global
cale, Internalizing Behavior. The last 2 form a second global
cale, Externalizing Behavior. All items grouped together consti-
ute the Total Problem Behavior Scale. For each child, t scores
M  50, SD  10) were calculated. On the subscales, a t score of
reater than 70 and on the global scales (Internalizing, External-
zing, and Total Problem Behavior) a t score of greater than 63 are
onsidered to be indicative for clinical follow-up or treatment.15,16
tatistical Analysis
tatistical analyses were performed with the SPSS for Windows
tatistical software package (version 12.0; SPSS, Inc). Demo-
raphics (age at the moment of testing, sex, and educational level
f both parents), medical characteristics (birth weight, Apgar scores,
uration of extracorporeal circulation, duration of aortic cross-
lamp, and hypothermia), and outcome measures (IQ, NEPSY, and
BCL) were compared between the patient groups and control
roup by means of 2 statistics, Wilcoxon signed-rank tests, or
ruskal-Wallis tests. The term significant was used to indicate
urely statistical and not clinical significance.
esults
atient Characteristics and Medical Data
omparison of the 3 groups (the TOF, acyanotic CHD,
nd healthy control groups) shows the lowest weight (P
.05) and length (P  .05) at birth in the TOF group,
able 1. Demographics and medical variables of the 3 gro
roup TOF group (n  18)
ge 8 y, 3 mo  1 y, 6 mo 9
ex 10 male, 8 female 7
irth weight (g) 2853  883
irth length (cm) 47.9  3.7
pgar score immediately
after birth
4: 33.3%
4-7: 0%
7-10: 66.7%
pgar score after 10 min 4: 22.2%
4-7: 0%
7-10: 77.8%
ymptoms None: 13.3%
Cyanosis: 53.3%
Heart murmur: 13.4%
2 of these symptoms: 20%
Sh
Fe
He
Up
Ex

ge at first operation Median, 173 d M
uration of ECC (min) 89.2  31.9
uration of aortic
crossclamp (min)
51.6  20.7
ypothermia (°C) 25
OF, Tetralogy of Fallot; ECC, extracorporeal circulation. *Kruskal–Wallis
ignificance: †P  .05, ‡P  .001.nd also a larger part of this group has lower Apgar N
The Journal of Thoraciccores immediately (P  .001) and 10 minutes (P 
001) after birth. Not surprisingly, in the TOF group the
ost frequent symptom was cyanosis, whereas in the
cyanotic group presenting symptoms were various. The
arger part of our TOF group had 1 operation (77.8%).
he maximum number of operations a child underwent
as 3. Seven patients had initial shunts. Median age at
he time of the first operation was significantly lower in
he TOF group than in the acyanotic CHD group (P 
05). All patients were operated on using standard pro-
edures for extracorporeal circulation during moderate
ypothermia (25°C-28°C). Circulatory arrest was not
sed. The TOF group underwent significantly longer
eriods of extracorporeal circulation and aortic cross-
lamping (P  .01). At the moment of testing, all chil-
ren were considered hemodynamically stable and in
ood health. Results can be found in Table 1.
ntellectual and Neuropsychological Assessment
e could not identify any significant differences between
he TOF group and the acyanotic CHD group. Children in
he TOF group showed significantly lower scores on the
stimated Full Scale IQ (P  .05) than their healthy
ontrol subjects. On the NEPSY domains Language (P 
01) and Sensorimotor Functioning (P  .01) and on the
ubtests Tower (P  .05), Memory for Names (P  .05),
yanotic group (n  17) Control group (n  18) P value*
o  1 y, 6 mo 8 y, 4 mo  1 y, 6 mo .470
, 10 female 10 male, 8 female .827
3215  637 3419  511 .026†
49.2  2.8 50.8  1.8 .014†
4: 0%
4-7: 0%
7-10: 100%
4: 0%
4-7: 0%
7-10: 100%
.001‡
4: 0%
4-7: 0%
7-10: 100%
4: 0%
4-7: 0%
7-10: 100%
.001‡
ess of breath: 22.2%
g difficulties: 22.2%
urmur: 11.1%
airway infections: 22.2%
ive sweating: 11.1%
these symptoms: 11.1%
— —
, 603 d — .014†
61.0  33.0 — .018†
29.0  21.3 — .004†
28 — .010†
nd Wilcoxon signed–rank test for 3 and 2 groups, respectively. Level ofups
Ac
y, 2 m
male
ortn
edin
art m
per
cess
2 of
edian
test aarrative Memory (P  .05), and Design Copy (P  .05)
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Droup differences became apparent. The small sample of
hildren undergoing multiple operations does not permit
tatistical analysis, but qualitative analysis of the results
oes not show obvious differences between the children
ith a single operation for TOF or multiple operations.
ean performances on IQ and NEPSY can be found in
able 2.
ehavioral Assessment
e could not identify any significant differences between
he TOF group and the acyanotic CHD group. Parental
eports revealed significantly higher scores on Attention
roblems (P  .05) and the Total Problem Scale (P  .05)
n the TOF group compared with in the healthy control
ubjects. The parents of the children with TOF also rated
heir child’s school performances to be significantly lower
han these of healthy peers (P  .01). The small sample of
hildren undergoing multiple operations does not permit
tatistical analysis, but qualitative analysis of the results
oes not show obvious differences between the children
ith a single operation for TOF or multiple operations.
able 2. Group differences on intellectual and neuropsych
ariable (mean  SD) TOF group (n  18)
ntellectual performances (IQ: 100  15, subtest: 10  3)
stimated Full Scale IQ 94.6 14.1
Picture Completion 8.4 3.1
Block Design 9.0 3.0
Information 10.0 2.9
Vocabulary 9.7  3.0
europsychological performances (domains: 100  15, subtests:
ttention and Executive Functioning 112.0 13.5
Tower 12.6  2.6
Auditory Attention/Response set 12.1 1.3
Visual Attention 10.0 3.3
emory 99.4  13.1
Memory for Faces 11.0 3.3
Memory for Names 9.6 3.0
Narrative Memory 9.1 2.5
anguage 101.1 12.8
Phonological Processing 11.1 3.1
Speeded Naming 9.1 2.3
Comprehension of Instructions 10.6 2.1
isuospatial Skills 110.6 17.3
Design Copy 13.0 3.3
Arrows 11.0  3.5
ensorimotor Functioning 90.9 10.6
Finger Tapping 9.1 1.3
Imitating Hand Positions 9.3 2.8
Visuomotor Precision 8.0 2.6
D, Standard deviation; TOF, tetralogy of Fallot. *Kruskal Wallis test. Leveesults on the CBCL can be found in Table 3. h
52 The Journal of Thoracic and Cardiovascular Surgery ● Febriscussion
n this study we defined the intellectual capacities, the
europsychological performances, and the behavioral func-
ioning of children with TOF 6 to 12 years postoperatively.
We compared the performances of the children in the
OF group with those of children in the acyanotic CHD
roup and those of healthy children. We could not identify
ifferences in functional outcome between the TOF group
nd the acyanotic CHD group. This finding is in accordance
ith previous studies reporting similar intellectual5 and
europsychological functioning in children with cyanotic
TOF and TGA) and acyanotic (VSD) CHDs.4
Compared with a group of healthy peers, the children in
he TOF group showed lower intellectual abilities, specifi-
ally on the subtests Picture Completion and Vocabulary.
owever, only 3 children had an IQ of less than 85, con-
rming that although the intellectual capacities are lower
han in the healthy group, the larger part of the children with
OF have a normal level of intelligence.5,6
Concerning the neuropsychological profile, we found
ignificant differences between the TOF group and the
ical performances
yanotic group (n  17) Control group (n  18) P value*
97.5  16.3 106.2  15 .014†
8.1  4.1 10.0  4.2 .033†
9.9  3.1 10.3  2.2 .229
10.8  2.9 11.6 2.0 .076
9.8  2.0 11.0  2.7 .016†
3)
112.9  7.1 117.0  8.5 .070
13.1  1.9 14.1 2.0 .036†
12.6  1.0 12.1 1.3 .176
9.3  2.5 10.4  2.1 .092
99.3  17.0 103.0  9.5 .232
9.8  3.6 9.6  2.5 .277
8.4  4.0 11.2  1.8 .022†
11.9  2.9 10.4 1.6 .030†
101.9  12.3 115.7 14.8 .001‡
11.3  3.3 13.4 3.2 .003†
9.2  2.5 10.9  2.1 .011†
10.6  2.2 12.7 2.8 .001‡
117 11.0 124.2  11.6 .058
14.9  2.1 15.7 1.8 .031†
10.7  2.2 12.0 2.4 .141
86.7  15.2 100.9  10.7 .001‡
9.6  1.4 10.4  1.7 .021†
7.7  2.8 11.8  2.2 .001‡
7.3  3.5 9.1  2.7 .022†
ignificance: †P  .05, ‡P  .01.olog
Ac
10 ealthy group on language and sensorimotor functioning.
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Danguage deficits have been identified before in children
ith cyanotic CHDs,10,17 and in the TOF group higher ra
f dysfunction in expressive and receptive language have
een diagnosed compared with normative data.6 In our
tudy the children with TOF had more difficulties, particu-
arly with phonological awareness; had slower access to
ames of color, size, and shape; and lacked the ability to
rocess and respond quickly to verbal instructions of in-
reasing difficulty. These objective measures might be the
ause of previously reported lower academic skills, such as
eading and spelling, in children with CHDs.1,3
We also found a group difference on sensorimotor func-
ioning. The children with TOF performed worse than their
ealthy peers on subtests measuring motor speed and the
bility to imitate finger and hand positions. In a comparative
tudy on children with an acyanotic form of CHD (VSD)
nd children with TOF, the latter displayed a higher inci-
ence of gross motor dysfunction.6 In our study, howeve
oth the children with TOF and the children with acyanotic
HDs specifically showed slowness in simple and complex
otor movements and an inefficient processing of tactile
nd kinesthetic information when they had to imitate finger
able 3. Group differences on behavioral functioning (the
ariable TOF group (n  18) A
ompetence scales (mean  SD; t score 37: clinically significa
ctivity scale 47.7 6.6
ocial scale 48.6 8.1
chool scale 40.2 7.1
School results Insufficient: 5.6%
Weak: 16.7%
Average: 61.1%
Good: 16.7%
Special education Yes: 5.6%
No: 94.4%
Repeating a school year Yes: 16.7%
No: 83.3%
School problems Yes: 66.7%
No: 33.3%
roblem behavior scales (mean SD, t score 63; for individual
nternalizing Behavior 51.1 11.1
Withdrawn 54.9 7.5
Physical Complaints 56.8 9.8
Anxious/Depressed 53.7 6.4
xternalizing Behavior 52.8 10.7
Delinquent Behavior 53.5 5.4
Aggressive Behavior 56.4 7.4
ocial Problems 53.5 4.1
hought Problems 54.9 8.0
ttention Problems 61.5 9.1
otal Problem Behavior 56.0 11.7
OF, Tetralogy of Fallot; SD, standard deviation. *Kruskal-Wallis test. Levend hand positions. c
The Journal of ThoracicPerformances on the subtest Tower were lower for the
OF group, indicating more difficulties in tasks concerning
xecutive functioning, which was also reported in a study on
dult patients with TOF.7 The hypothesis of damage in t
refrontal cortex is to be further examined.
Although obvious memory problems were not present,
hildren with TOF did have lower scores than their healthy
eers on a task measuring narrative memory. Possibly it was
ot the memory aspect that caused this lower score but
ather the lack of narrative skills. In a study on narrative
iscourse in children with a cyanotic form of CHD (TGA)
years after surgical intervention, their performance dif-
ered in frequency and diversity of narrative elements and in
dequacy of the information provided.18 Because the num-
er of narrative elements the child can reproduce constitutes
he narrative memory score in the present study, this seems
plausible explanation for the lower scores in our TOF
hildren. Furthermore, memory for names also appeared
orse in children with TOF than in healthy control subjects.
he poor performance might be related to difficulties in
ecalling names and a deficient retrieval of sound–symbol
ssociation and spoken-written word connections, which
d Behavior Checklist)
tic group (n  17) Control group (n  18) P value*
ore)
46.4  9.1 49.0  4.7 .526
47.3  8.2 47.7  7.3 .515
45.2  8.7 51.1  7.3 .001‡
ufficient: 0%
eak: 12.5%
erage: 31.3%
od: 56.3%
Insufficient: 0%
Weak: 0%
Average: 27.8%
Good: 72.2%
.001‡
s: 0%
: 100%
Yes: 0%
No: 100%
.268
s: 18.8%
: 81.3%
Yes: 5.6%
No: 94.4%
.022†
s: 56.3%
: 43.8%
Yes: 22.2%
No: 77.8%
.001‡
es, 70: clinically significant score)
53.0  10.6 48.4  7.1 .051
54.1  5.9 52.1  3.5 .065
57.1  7.4 51.9  3.1 .109
55.4  6.8 52.7  4.3 .479
52.6  11.9 49.4  7.6 .137
54.8  6.8 50.7  2.3 .173
57.1  9.5 53.4  4.3 .186
54.8  6.2 51.3  2.4 .051
3.67 4.7 53.5  6.0 .099
59.9  10.9 53.6  5.1 .003†
52.7  14.2 47.6  8.1 .003†
ignificance: †P  .05, ‡P  .01.Chil
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CH
DVisuospatial skills constituted another domain in which
hildren with TOF performed worse than healthy control
ubjects. Their ability to copy 2-dimensional geometric
gures was reduced. We hypothesize that the lower score on
esign copy was caused by hand–eye coordination difficul-
ies and visual perceptual deficits, which have been previ-
usly reported in children after infant cardiac surgery.1,17,19
The behavioral functioning of children with TOF in our
tudy group, measured by means of a parental question-
aire, is characterized by mainly attention and school prob-
ems. These results contradict the previously reported ab-
ence of behavioral problems in children with cyanotic
HDs.1,10 Other studies, however, did report a higher i-
ence of behavioral problems,9 specifically a higher risk f
ttention problems.20 These attention problems might ha
ed, at least partially, to the significantly lower school com-
etency in TOF children reported by the parents. Specifi-
ally, lower school results and more school problems were
ndicated. This finding is in accordance with follow-up
tudies in adolescents and adults with CHDs that report
atients to have spent longer periods in school,21 display
ore need for special education, and more often present
ith a learning disability.22 Neuropsychological deficits tha
ave been mentioned before in outcome studies6,10,17 are
robably responsible for the shortcomings at the school
evel.
The small sample size constitutes a limitation in our
tudy. Furthermore, we cannot ignore a possible selection
ias in the patient groups. Parents of children with a CHD
oluntarily entered the study. The suspicion of a neurode-
elopmental or behavioral problem in their child might have
een the parent’s motivation for participation, whereas par-
nts of children who perform well at school might have
ished not to stigmatize their child as a patient. In accor-
ance with previous studies,23 our data reflected lower bir
eight in the TOF group. However, this birth weight is still
ithin the normal range (2853 g). Adverse cognitive out-
ome has been described in children with very low (1501 g)
nd extremely low (1000 g) birth weight.24 For this rea-
on, we believe the relatively lower birth weight in the TOF
roup was of little influence on the reported neuropsycho-
ogical outcome.
In this outcome study we compared the intellectual,
europsychological, and behavioral function of children
ith TOF 6 to 12 years postoperatively with that of a group
ith acyanotic CHDs and healthy peers. We could not
dentify any functional outcome differences between the
OF group and the acyanotic group. In the TOF group we
dentified a lower estimated full-scale intelligence and a
europsychological profile characterized by mainly mild
otor deficits and difficulties with language tasks. Attention
roblems and lower school competencies are the most im-
ortant behavioral aspects reported by parents of children 1
54 The Journal of Thoracic and Cardiovascular Surgery ● Febrith TOF. In general, our findings are comparable with
hose of most outcome studies in children with CHD. How-
ver, our study resulted in the identification of specific
europsychological shortcomings in children with CHD,
hich can lead to tailored interventional programs focused
specially on motor functions and language. By means of
hese programs, the mentioned school problems and the
ong-term neuropsychological sequelae might be prevented.
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